The title compounds were prepared and char acterized analytically, structurally, and spectro scopically. They contain isolated BiX6 (X = I. Br, Cl) anions. Their optical absorption spectra show excitonic bands in the UV-visible spectral region. These bands occur at higher energies than the corresponding bands of R^M-.Xy (R = Me",NH4_,"; m = 1,2, 3, 4).
Introduction
During the last years considerable am ount of work has been done on the structural and physical properties of R 3M2X9 (where R = Me,"NH4_,"; M = Bi, Sb; X = I, Br, Cl; m = 1, 2, 3, 4) [1 -8] . Recently, the optical absorption bands arising from the exci tonic states of these compounds have been investi gated [1, 2] . The excitonic bands in the optical absorption spectra of (M eNH3)3Bi2I9 [6] , (Me4N )3Bi2Br9 [3] [4] [5] and (Me4N)3Bi2Cl9" [3, 5, 6] , for example, occur at 497, 388 and 329 nm, respec tively, while the corresponding bands of Sb-analogues [3, 5 -7 ] occur at 457, 360 and 310, respec tively [1] . However, little is known about the preparations, structures, and properties of com pounds (C"H->,!+lN H 3)3MX6 (with n > 2) and (C6H5CH2CH 2NH 3)3MX6 [9] [10] [11] [12] [13] , Some com pounds of the formulae (C"H2"+1NH 3)3Bi2X9 and (C"H2,I+1NH 3)3BiX6 have been prepared as poly crystalline precipitates [13] . In this paper we re port the preparation and characterization (/. e., elemental analysis, crystal structure and optical * Reprint requests to Prof. G. C. Papavassiliou. absorption spectra) of the compounds (C6H sCH 2H 7N H 3)4BiI7 • H-.0 (1), (C6H ,C H 2CH 2N H 3)3BiBr6 (2) and (C6H 5C H 2CH 2N H 3)2BiCl6 (3).
Experim ental

Starting materials and apparatus
The following starting materials were used with out further purification. Bi20 3 (Alfa 17132), hydriodic acid, 57% (Merck 341), hydrobromic acid. 47% (Merck 304), hydrochloric acid, 25% (Merck 312) and 2-phenylethylamine (Merck 807334). Crystal X-ray intensity data were collected on a Syntex P 2 t diffractometer upgrated by crystal logic using Nb-filtered MoKa radiation.
U nit cell dimensions were determined and re fined by using the angular setting of 24 autom ati cally centered reflections in the range 11 <20<24 and they appear in Table I . Intensity data were re corded using a 0-2 6 scan: for (1) 2 0 (max) = 46°, scan speed 1.5 deg/min, scan range 2.25 plus a xa 2 sepa ration, data collected/unique 3635/3289 (R,nt = 0.0258), data used 2233 (F0> 6 a (F 0)), for (2) 2 0(max) = 54°, scan speed 3.0 deg/min, scan range 2.5 plus a xa 2 separation, data collected/unique 7859/6994 (R ml = 0.0629), data used 2821 (F0 > 5 ct(F0)), for (3) 2 0(max) = 46.5°, scan speed 3.0 deg/min, scan range 2.35 plus a xa 2 separation, data collected/unique 4883/4768 (7?int = 0.075), data used 4768. Three standard reflections monitored every 97 reflections showed less than 3% variation and no systematic decay. Lorentz. polarization and absorption correction were applied using Crystal Logic software. The structures were solved by di rect m ethods using SHELXS-86 and refined by full-matrix least-squares techniques with SHELX-76 (1,2) and SHELXL-93 (3) [14] , Hydrogen atom s were not located. All non-hydrogen atoms were refined anisotropically (except for (1) were the cations are disordered and their atoms were refined isotropically). Optical absorption (and re flectance) spectra were recorded by a Varian model 2390 spectrophotom eter. 
Preparation o f com pounds
Results and Discussion
M orphology o f materials
In contrast to (C"H2"+1) vBivXz ( « > 4 ) [13] , the compounds studied herein were prepared in pure single crystal form. The crystals were large enough for X-ray crystal structure determ ination and physical properties investigation.
Crystal structures
Packing diagrams of compounds 1 -3 showing the H-bonds are given in Fig. 1 -3 , respectively. A summary of crystal data for the three compounds is given in Table I . As can be seen from the pack ing diagrams all three compounds consist of al ternating BiXg-octahedra and of organic cations. These layers are parallel to the ab plane. In the inorganic layer of (1), iodine anions and water molecules are interposed between the Bil^-octa- Crystal structure o f (C6H 3CH2CH2N H 3)3BiCl6. hedra. In all three compounds an extensive net work of H-bonds exists between the N atoms of the organic cations and the halogens of the inor ganic phase. In (1), the water molecules partici pate in H bonds both with N and I atoms. The structures are similar to those of Z n C l|_Cl~ [15] , S b C l|"Cl~ [16] and BiX^~ [17] with smaller amines.
Optical absorption spectra
The room tem perature optical absorption spectra of thin deposits [18] of (C6H ,C H 2CH2N H 3)4BiI7 • H 20 , (C6H 5C H 2CH2NH 3)3BiBr6, and (C6H 5C H 2CH2NH 3)3BiCl6 are shown in Fig. 4 . One can see that the peak positions of (low fre quency) excitonic bands occur at 474, 380 and 327 nm, respectively. There is a blue shift of the peaks in comparison to those of (Ph4P)3Bi5I 18 (515 nm), [13, 19] [or (M eNH3)3Bi2I9 (497 nm)], (Me4N )3Bi2Br9 (388 nm), and (M e4N )3Bi2Cl9 (329 nm) [1] , respectively. The reason is that B il7, BiBr6 and BiCl6 species are smaller in size than Bi5I I8 [or Bi2I9], Bi2Br9 and Bi2Cl9, respec tively. The optical absorption spectrum of (C 10H 21N H 3)4Bi2I 10 shows a band at 515 nm [13] . The optical absorption spectrum of B il3, in which the Bil-units form a 2D network, shows a maxi mum at 610 nm, while the spectrum of CuBiI4, in which the Bil-units form a 3D network [20] , shows a shoulder in the near infrared spectra region [13] . Also, the excitonic bands in the spectra of Fig. 4 are sharper that those observed from larger spe cies. The values of absorption coefficient, obtained from Kramers-Kronig analysis of the correspond ing reflectance spectra of these materials, were found to be of the order of 104 cm -1. Assuming that the continuum absorption begins from the dip, which occurs close to the excitonic band, one can estimate the values of the excitonic binding energy at room tem perature. These values are 169, 318 and 440 meV for (C6H ,C H 2C H 2N H 3)4BiI7 • H 20 , (C6H 3CH 2C H 2N H 3)3BiBr6, and (C6H 5CH 2C H 2N H 3)3BiCl6, respectively. From these results, one can expect enhanced nonlinear optical properties of these materials as in the case of (C 10H 21N H 3)2PbI4 [21] . However, the investiga tion of the nonlinear optical properties is in pro gress and the results will be published elsewhere. Also, the preparation and characterization of sim ilar Sb-based compounds, such as (C6H 5C H 2CH 2N H 3)2SbBr5, will be published in a separate paper.
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